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Abstract 
We study the temperature effect on synthesis of carbon nanotubes (CNTs) growth on thin iron film over the quartz 
substrate using thermal chemical vapor deposition under the low pressure. Results obtained show that the average diameter, the 
length distribution, and the density of CNTs decrease when the temperature growth increase. We observe the multiwalled carbon 
nanotubes with a bamboo-like structure synthesize at the low temperature, but at the high temperature, the structures are not the 
nanotubes.   © 2009 Elsevier B.V. All rights reserved. 
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1. Introduction 
Carbon nanotubes (CNTs), since their first discovery in 1991 [1], have received much attention owing to their 
many potential technological applications arising from their extraordinary mechanical and electrical properties [2,3]. 
CNTs have been synthesized using various methods, such as arc discharge [4], laser vaporization [5], pyrolysis [6], 
plasma-enhanced [7] or thermal chemical vapor deposition (CVD) [8]. Of these, the CVD method allows the 
alignment, the density, and the diameter of CNTs to be controlled. Controlled growth of CNTs has potential for 
many useful applications in electronic devices and composite materials. By the way, for the synthesis of CNTs using 
the CVD method, it is necessary to prepare catalyst particles on a substrate during or before the synthesis of the 
CNTs [9]. 
It has been found that the structure of carbon material is dependent on the growth parameters such as reaction 
temperature, catalyst, reaction gas, etc. A strict control of growth condition allows to design the structure of carbon 
materials in the nanometer scale [10]. Especially the growth temperature is crucial to select and control the growth 
of CNTs, which is necessary for many applications. A number of research groups reported that the growth of CNTs 
could be controlled by varying the growth parameters of CVD process [10-12]. However, there are not many 
systematic studies on the temperature controlled growth of CNTs using thermal CVD under the low pressure.   
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This present work deals with the temperature effect on the growth of CNTs. The CNTs are synthesized on thin 
iron film by thermal CVD of acetylene gas at temperature in the range 700-900ºC under the low pressure. 
Configuration and structural characteristics of CNTs have been investigated using Scanning electron microscopy 
(SEM), transmission electron microscopy (TEM), and   Raman spectrometer. TEM is one of the most powerful 
methods for the evaluation of crystallinity of nanostructered materials. However, TEM does not provide the overall 
information about the structure of entire specimen, we attempt to overcome this shortcoming by the use of Raman 
spectrometer. 
 
2. Experiment 
 
The Fe films are prepared on the quartz substrate by DC sputtering technique. We apply potential voltage of 1 
kV and electric current of 0.1 A for 300 min. The Fe films on the quartz substrates are located in the centre of a long 
stainless tube of the thermal CVD system. We synthesize CNTs in temperature 700, 800, and 900ºC. The stainless 
tube is heat up to the growth temperature in a flow of Ar gas of 30 sccm. After arriving at the desirable growth 
temperature, the Ar gas is replaced by H2 gas with a flow rate of 200 sccm for 30 min, and then we mix H2 gas and 
C2H2 gas with a flow rate of 120 sccm for 30 min, under a pressure of 1×10-3 bar. After interaction, the stainless tube 
reduces it temperature to room temperature in the flow of Ar gas at 30 sccm.  
 
We measured the average thickness of the thin Fe film by atomic force microscopy (AFM). SEM was used to 
measure the length, diameter, and density of CNTs. TEM was used to investigate structure and crytallinity of CNTs. 
The CNTs separated from the substrate and then dispersed on a TEM microgrid. Raman spectrometer was also used 
to characterize the structure and the crystallinity of CNTs.  
 
 
3. Results and Discussion 
 
Fig. 1 shows the AFM image of the thin Fe film (left) deposited on the substrate (right) by DC sputtering technique. 
The average thickness of the thin Fe film was approximately 8 nm. 
 
 
Fig. 1. The AFM image of the thin Fe film on the substrate. 
 
 
Fig. 2  shows  SEM  images  of  CNTs  grown  on  Fe  catalyst  particles  under  the  low  pressure.  The  
average  diameter  of  CNTs  at 700, 800, and 900°C  are  70 , 40, and 50 nm , respectively, The length distribution 
of CNTs are 5-12, 5-8, and 1-2 μm for 700, 800, and 900°C  and the density of CNTs are 20, 15, and 1 μm-2, 
respectively . These results are summarized in Table 1, showing the average diameter, the length distribution and 
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density of CNTs are dependent on the growth temperature. However, the results from synthesized at 900°C are not 
clear to be the CNTs. We necessary use the Raman spectrometer to analyze these samples.  
 
 
 
Fig. 2. The SEM images of  CNTs  grown  on  Fe  catalyst  particles  under  the  low  pressure. (a), (d) at 700ºC; (b), 
(e) at 800ºC; and (c), (f) at 900ºC 
 
Table 1 The average diameter, the length distribution and density of CNTs. 
Temperature 
(ºC) 
Average diameter (nm) Length distribution  
(μm) 
Density 
(μm-2) 
700 
800 
900 
70 
40 
50 
5-12 
5-8 
1-2 
20 
15 
1 
 
 
 
Fig. 3. The TEM images of  CNTs  grown  on  Fe  catalyst  particles  under  the  low  pressure. (a), (d) at 700ºC; (b), 
(e) at 800ºC; and (c), (f) at 900ºC. (a)-(c) Low-magnification TEM images and (d)-(f) High-resolution TEM images. 
 
We observed TEM images of CNTs synthesized at 700°C (Fig. 3 (a) and (d)) and 800°C (Fig. 3 (b) and (e)). 
They show that CNTs are multiwalled carbon nanotubes (MWNTs). The MWNTs have a bamboo–like structure and 
have a closed tip without encapsulated catalyst particle and component layer with a curvature oriented to the closed 
tip. Fig. 3 (c) and (f) show the structures of carbon, which have not the structure of nanotubes. The structures have 
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shorten-rod-like structure. The TEM images indicated that the qualities of CNTs synthesized at low pressure 
decreases when the growth temperature increases, which is consistent with the SEM image. 
Fig. 4 shows the Raman spectra of the as-grown CNTs. The spectra band at approximately 1500-1600 cm-1 (G-
band) are characteristic of a sp2-hybridized carbon material , at approximately 1200-1400 cm-1(D-band) are 
characteristic of a disordered of carbon material . In general, the D-band indicated highly crystalline graphite layer, 
while the D-band reveals the existence of defects in the graphitic layer [2]. Therefore, the strength of the G-band 
relative to D-band is measure from ratio ID/IG, in this work ID/IG decreases when the temperature increases. These 
results indicate that the crystalline of the graphitic sheets progressively improves as the growth temperature. The 
important spectra band that clearly specifies the nanotubes is radial breathing mode (RBM) (100-500 cm-1) [13]. We 
do not observe this RBM band at 900°C, therefore the structures are not the nanotubes. The spectra band at 
approximately 2D or D* are the 2nd – order Raman spectra, which are composed of at least two-components in 
graphite, there are the character of the electronic states of this material [14]. 
 
 
 
 
Fig. 4. Raman spectrum for the CNTs grown at 700ºC, 800ºC, and 900ºC. 
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4. Conclusion 
 
We have studied the temperature effect on the growth and structure of CNTs using thermal CVD under the low 
pressure. The average diameter, the length distribution, and the density decrease when the temperature growth 
increases. However, the crystalline of the graphitic sheets increases when the temperature growth increases.   The 
MWNTs with bamboo-like structure were synthesized at 700, and 800ºC. But at 900ºC, the structures are not the 
nanotubes. These results indicate that the quality of synthesized of CNTs under a decrease the low pressure when 
the growth temperature increases.   
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